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(54) POSITIVE ELECTRODE ACTIVE MATERIAL FOR NONAQUEOUS ELECTROLYTE BATTERY, AND 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide positive electrode active 
material for a nonaqueous electrolyte battery, capable of improving the 
utilization factor of positive electrode active material, load 
characteristics and cycle characteristics by making electron conductive 
condition between metal oxide and carbon material to be proper, 
improving storage characteristics and thermal stability of a battery, by 
fully covering an active reaction point for controlling auxiliary reaction 
accompanying oxidization of the electrolyte, and preventing deterioration 
of positive electrode capacity per volume, by controlling additional 
quantity of carbon material, and to provide a method for manufacturing 
the same. 

SOLUTION: In positive electrode active material for a nonaqueous 
electrolyte battery, provided with a positive electrode active material 
main body composed of powder metal oxide, electric conductive layer 
composed of carbon material and existing on the surface of the positive 
electrode active material body, the electric conductive layer is formed 
by a dry process and is composed of graphite crystal carbon film of d 
(002) value obtained through X-ray wide angle diffraction below 3.45 
angstrom. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A main part of positive active material which comprises a powdered metallic oxide. 
A conductive layer which comprises a carbon material and exists in the surface of the above- 
mentioned main part of positive active material. 

It is the positive active material for nonaqueous electrolyte batteries provided with the above, and 
the above-mentioned conductive layer is formed by dry process, and a ** Li ****** d(QQ 2 ) value 

changes from graphite-crystals nature carbon coating which is 3.45 A or less to X ray wide angle 
diffraction. 

[Claim 2]The positive active material for nonaqueous electrolyte batteries according to claim 1 whose 
specific surface area of the above-mentioned metallic oxide covered by the above-mentioned 
graphite-crystals nature carbon coating is smaller than specific surface area in this metallic-oxide 
simple substance. 

[Claim 3]The positive active material for nonaqueous electrolyte batteries according to claim 1 or 2 in 
which thickness of the above-mentioned conductive layer is regulated by not less than 150 nm less 
than 1000 nm. 

[Claim 4]The positive active material for nonaqueous electrolyte batteries according to claim 1 to 3 
whose above-mentioned main part of positive active material is at least one sort chosen from a 
group which comprises a lithium manganic acid ghost, a lithium nickel oxide, lithium iron oxide, a 
lithium cobalt oxide, and manganese oxide. 

[Claim 5]On the surface of a main part of positive active material which comprises a powdered 
metallic oxide. A manufacturing method of positive active material for nonaqueous electrolyte 
batteries preparing for X ray wide angle diffraction a process of forming a ****** conductive layer 
for graphite-crystals nature carbon coating whose ** Li ****** d^ 0Q2 ^ value is 3.45 A or less 

according to a dry process. 

[Claim 6]A manufacturing method of the positive active material for nonaqueous electrolyte batteries 
according to claim 5 in which plasma gas phase polymerization process is used as the above- 
mentioned dry process. 

[Claim 7]A manufacturing method of the positive active material for nonaqueous electrolyte batteries 
according to claim 5 or 6 using a chain or annular organic compound which has a conjugate double 
bond as a monomer used in the above-mentioned plasma gas phase polymerization process. 
[Claim 8]A manufacturing method of the positive active material for nonaqueous electrolyte batteries 
according to claim 5 to 7 using a fluorinated compound which contains carbon, nitrogen, silicon, or 
sulfur as reactive gas used in the above-mentioned plasma gas phase polymerization process. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to positive active material for nonaqueous electrolyte 
batteries provided with the main part of positive active material which comprises a powdered metallic 
oxide, and the conductive layer which comprises a carbon material and exists in the surface of the 
above-mentioned main part of positive active material, and a manufacturing method for the same. 
[0002] 

[Description of the Prior Art]While using metallic oxides, such as lithium containing transition metal 
oxides, such as LiCo0 2 , as positive active material in recent years, The nonaqueous electrolyte 

battery used as negative electrode active material attracts [ carbon materials /, such as occlusion, 
an alloy which may be emitted, an oxide or black lead, and corks, ] attention in metal lithium or a 
lithium ion as a cell in which high-capacity-izing is possible. In the cell of the above-mentioned 
composition, since the metallic oxide which is positive active material has low specific conductivity, 
the carbon material as a conducting agent is generally needed, but it has influence on the various 
characteristics of a cell according to the mixed state of a metallic oxide and a carbon material, and 
the electronic conductive state between both resulting from this mixed state. 

[0003]Here, like the former, in a mechanical mixing method which only mixes a metallic oxide and a 
carbon material, since the metallic oxide and the carbon material only touch, the portion which turns 
into that the electronic conductive state between both is insufficient arises. For this reason, as a 
result of not supplying an electron to a metallic oxide in the portion concerned but causing increase 
of excess voltage, it had SUBJECT that decline in the capacity factor of the metallic oxide which is 
positive active material, and the fall of a load characteristic and a cycle characteristic were caused. 
In addition, although a labile point exists in a metallic oxide, when it manufactures by the above- 
mentioned method, the labile point describing above cannot fully be covered with a carbon material. 
For this reason, the side reaction accompanying oxidation of an electrolysis solution arises between 
an anode and an electrolysis solution, and the conservation characteristic of a cell and thermal 
stability fall. 

[0004]Although solving an aforementioned problem by increasing the addition of a carbon material in 
consideration of such a thing is also considered, When the method concerned was used, since the 
anode capacity per volume fell since the quantity of a metallic oxide decreases, and the addition of a 
carbon material increased, only the part which increased the addition of the carbon material had 
SUBJECT that the operating potential of a cell fell with mixed potential with a carbon material. 
[0005]Then, for example, as shown in JP,61-214362,A, Manganese dioxide (metallic oxide) just 
electrifies a crystalline graphite in negative, As a crystalline graphite is sprayed on the surface of 
manganese dioxide particles and it is shown in a method which forms a graphite layer in the particle 
surface of manganese dioxide, and JP,7-36332,A, Manganese dioxide and an artificial graphite are 
made to adsorb, tack welding arrival is performed, a centrifugal force is given to these, and the 
positive active material that the particle size ratio of manganese dioxide and an artificial graphite 
makes coverage of a wrap artificial graphite 0.5 to 15% for manganese dioxide by 10" 1 - 10~ 5 is 
proposed. However, even if it is these methods, the metallic oxide and the carbon material are only 
mixed mechanically and it is not enough to solve an aforementioned problem. 
[0006] 
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[Problem(s) to be Solved by the Invention]This invention was made in view of the above situation, 
and is ****. By supposing that it is good, the electronic conductive state of the purpose and a 
carbon material Improvement in the capacity factor of positive active material, The side reaction 
accompanying oxidation of an electrolysis solution is inhibited by aiming at improvement in a load 
characteristic and a cycle characteristic, and fully covering a labile point. It is offer of positive active 
material for nonaqueous electrolyte batteries which improves the conservation characteristic of a 
cell, and thermal stability, moreover controls the addition of a carbon material, and prevents the 
anode capacity per volume from falling, and can control the fall of the operating potential of a cell, 
and a manufacturing method for the same. 

[0007] 

[Means for Solving the Problem]To achieve the above objects, among this inventions the invention 
according to claim 1, In positive active material for nonaqueous electrolyte batteries provided with a 
main part of positive active material which comprises a powdered metallic oxide, and a conductive 
layer which comprises a carbon material and exists in the surface of the above-mentioned main part 
of positive active material, The above-mentioned conductive layer is formed by dry process, and a ** 
|_j ****** ^(002) va ' ue changes from graphite-crystals nature carbon coating which is 3.45 A or less 
to X ray wide angle diffraction. 

[0008]Since a conductive layer formed by dry process is a uniform thin film and membranes can 
moreover be formed with a sufficient surroundings lump to unevenness of a main part of positive 
active material, An electronic conductive state of a main part of positive active material and a 
conductive layer can be made good, and, thereby, improvement in a capacity factor of positive active 
material and improvement in a load characteristic and a cycle characteristic can be aimed at. Since it 
says that membranes can be formed with a sufficient surroundings lump to unevenness of a main part 
of positive active material and a labile point can fully be covered, a side reaction accompanying 
oxidation of an electrolysis solution is inhibited, and the conservation characteristic of a cell and 
thermal stability improve. In addition, since it says that a conductive layer is a uniform thin film and 
an addition of a carbon material can be controlled, anode capacity per volume can fall or it can 
prevent that operating potential of a cell falls. 

[0009]A ** Li ****** d (0Q2) value limits to graphite-crystals nature carbon coating which is 3.45 A or 
less as a conductive layer at X ray wide angle diffraction because electron conductivity will fall, if a d 
(002) va ' ue exceeds 3.45 A. Here, a d^ 2 ) va ' ue means a spacing in the 002nd page. A method that a 
metallic oxide and a carbon material are only mixed with a dry process, A metallic oxide just 
electrifies a carbon material in negative, and a carbon material is sprayed on the surface of a metallic 
oxide particle. It is a meaning except mechanical mixing methods, such as the method of making a 
method, a metallic oxide, and a carbon material which form carbon coating in a particle surface of a 
metallic oxide adsorb, performing tack welding arrival, giving these a centrifugal force, and covering a 
metallic oxide by carbon coating. 

[0010]Specific surface area of the above-mentioned metallic oxide in which the invention according 
to claim 2 was covered by the above-mentioned graphite-crystals nature carbon coating in the 
invention according to claim 1 is characterized by being smaller than specific surface area in this 
metallic-oxide simple substance. Since a conductive layer formed by dry process can be formed with 
a sufficient surroundings lump to unevenness of a metallic oxide (main part of positive active 
material), a metallic oxide covered by a conductive layer becomes smaller than specific surface area 
in this metallic-oxide simple substance. 

[0011]As for the invention according to claim 3, thickness of the above-mentioned conductive layer 
is regulated by not less than 150 nm less than 1000 nm in the invention according to claim 1 or 2. If 
thickness of a conductive layer is set to less than 1 50 nm, while a conservation characteristic and a 
cycle characteristic will fall, it regulates in this way because a load characteristic will fall, if thickness 
of a conductive layer is set to not less than 1000 nm. 

[001 2]It is characterized by being at least one sort as which the invention according to claim 4 is 
chosen from a group to which the above-mentioned main part of positive active material changes 
from a lithium manganic acid ghost, a lithium nickel oxide, lithium iron oxide, a lithium cobalt oxide, 
and manganese oxide in the invention according to claim 1 to 3. Among this inventions, to achieve the 
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above objects the invention according to claim 5, On the surface of a main part of positive active 
material which comprises a powdered metallic oxide, a ** Li ****** d (0Q2) value prepared for X ray 

wide angle diffraction a process of forming a ****** conductive layer for graphite-crystals nature 
carbon coating which is 3.45 A or less according to a dry process. Positive active material for 
nonaqueous electrolyte batteries which is excellent in various characteristics shown in claim 1 with 
such a manufacturing method is producible. 

[0013]As for the invention according to claim 6, in the invention according to claim 5, plasma gas 
phase polymerization process is used as the above-mentioned dry process. When plasma gas phase 
polymerization process is used as a dry process, there is an advantage that thickness and 
membraneous quality are easily controllable, by controlling various parameters (a gas mass flow, 
plasma applied power, reaction time, an exhaust pressure, etc.). 

[0014]The invention according to claim 7 uses a chain or annular organic compound which has a 
conjugate double bond in the invention according to claim 5 or 6 as a monomer used in the above- 
mentioned plasma gas phase polymerization process. Thus, if a chain or annular organic compound 
which has a conjugate double bond is used as a monomer, there is an advantage that it can be easy 
to obtain crystalline black lead. 

[0015]The invention according to claim 8 uses a fluorinated compound containing carbon, nitrogen, 
silicon, or sulfur in the invention according to claim 5 to 7 as reactive gas used in the above- 
mentioned plasma gas phase polymerization process. Thus, since it will become an activity oxidizer in 
plasma if a fluorinated compound containing carbon etc. is used as reactant gas, dehydrogenation 
from a monomer is promoted and hydrogen can be selectively drawn out from a monomer. 
[0016] 

[Embodiment of the Invention]An embodiment of the invention is described below based on drawing 1 
- drawing 5. The sectional view of a lamination armor body which uses for the A-A arrowed cross- 
section of drawin g 1 the front view of the nonaqueous electrolyte battery using the positive active 
material which requires drawing 1 f or an embodiment, and draw ing 2, and drawing 3 uses for a 
nonaqueous electrolyte battery, the perspective view of an electrode body which uses drawing 4 f or a 
nonaqueous electrolyte battery, and drawing 5 are the explanatory views of the device used for 
plasma gas phase polymerization process. 

[0017]As shown in drawing 2 , the nonaqueous electrolyte battery of this invention has the electrode 
body 1, and this electrode body 1 is arranged in the storage space 2. This storage space 2 is formed 
by obturating the upper and lower ends and the center section of the lamination armor body 3 by the 
sealed parts 4a, 4b, and 4c, respectively, as shown in drawing 1 . In the above-mentioned storage 
space, the electrolysis solution which dissolved 1 mol/l. LiPFg in the mixed solvent with which 

ethylene carbonate (EC) 30 mass part and diethyl carbonate (DEC) 70 mass part were mixed is 
poured in. The above-mentioned electrode body 1 is produced by winding flatly spirally the anode 5 
(thickness: 0.17 mm), the negative electrode 6 (thickness: 0.14 mm) which makes graphite a subject, 
and the separator (not shown in drawing 4 ) which estranges these two electrodes, as shown in 
drawing 4 . The above-mentioned anode on the surface of LiCo0 2 which is a metallic oxide (main part 

of positive active material). The positive active material which provided the graphite-crystals nature 
carbon coating whose ** Li ****** d (0Q2) value is 3.39 A by plasma gas phase polymerization process 

in X ray wide angle diffraction is constituted as a subject, The above-mentioned separator comprises 
fine porous membrane (thickness: 0.025 mm) which comprises polyolefin system resin with it. [ low 
and reactivity with an organic solvent, and ] [ cheap ] 

[0018]The anode axis (thickness: 20 micrometers) in which the above-mentioned anode 5 comprises 
aluminium foil or an aluminum mesh here, It has the positive active material layer where the active 
material was applied to this anode axis, and an anode axis exposed part by which the active material 
is not applied to the above-mentioned anode axis, and the anode collecting tab 7 which comprises 
aluminum is connected to the above-mentioned anode axis exposed part. The above-mentioned 
negative electrode 6 has a negative-electrode axis (thickness: 20 micrometers) which comprises 
copper, the negative electrode active material layer where the active material was applied to this 
negative-electrode axis, and a negative-electrode axis exposed part by which the active material is 
not applied to the above-mentioned negative-electrode axis, and the negative-electrode collecting 
tab 8 which comprises nickel is connected to the above-mentioned negative-electrode axis exposed 
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part And it can take out now to the exterior with both the above-mentioned collecting tabs 7 and 8 
by making into electrical energy chemical energy produced inside the cell. 

[0019]As shown in d rawing 3 , a concrete structure of the above-mentioned lamination armor body 3 t 
It is the structure which the resin layers 13 and 13 (thickness: 30 micrometers) which change from 
polypropylene to both sides of the aluminum layer 1 1 (thickness: 30 micrometers) respectively via the 
adhesives layers 12 and 12 (thickness: 5 micrometers) which comprise denaturation polypropylene 
paste up. 

[0020]Here, the cell of the above-mentioned structure was produced as follows. 

[Production of an anode] On first, the surface of the main part of positive active material which 

comprises LiCo0 2 (active material BET=0.6m 2 /g) using a plasma induction device as shown in 

drawing 5. The ** Li ****** d( 002) value formed in X ray wide angle diffraction the conductive layer 

which comprises the graphite-crystals nature carbon coating which is 3.39 A. 

[0021]The plasma induction device of drawing 5 has the reaction chamber 31, and the electrodes 34a 
and 34b connected to the RF generator 32 which impresses RF (13.56MH) and induces plasma via 
the matching unit 33 are formed in this reaction chamber 31. These electrodes 34a and 34b comprise 
aluminum, and the heater 35 for heating the sample electrode holder 36 in which the sample was laid 
to the electrode 34b which exists in the bottom among the electrodes 34a and 34b is arranged. The 
above-mentioned reaction chamber 31 is connected with the monomer cylinder 39 with which the 
1,3-butadiene which is a monomer was stored via the gas passageway 38, and this monomer cylinder 
39 is connected with the career gas bomb 40 with which argon gas was stored via the gas 
passageway 46. The above-mentioned reaction chamber 31 is connected with the reactant gas bomb 
41 with which NF 3 which is reactive gas was stored via the gas passageway 37. It is connected with 

the flueway 47 where the flow instruments 43, 44, and 45 which measure the flow of each gas were 
formed in the three above— mentioned gas passagewaies 37, 38, and 46, and the exhaust valve 42 for 
preparing the pressure in the reaction chamber 31 was formed in the above-mentioned reaction 
chamber 31. 

[0022]Heating the sample of the sample electrode holder 36 with the heater 35, in order to 
manufacture graphite-crystals nature carbon coating using the above-mentioned plasma induction 
device, exhaust air is performed from the flueway 47 and the inside of the reaction chamber 31 is 
decompressed. Next, after the temperature of a sample and the pressure in the reaction chamber 31 
reach a predetermined value, the 1,3-butadiene from the monomer cylinder 39 is introduced in the 
reaction chamber 31 with the argon gas from the career gas bomb 40. In parallel to this, NF 3 is 

introduced in the reaction chamber 31 from the reactant gas bomb 41. Then, plasma is generated 
between electrode 34a and 34b by the RF generator 32. Thereby, the conductive layer which 
comprises graphite-crystals nature carbon coating is formed in a specimen surface. The conditions at 
the time of the graphite-crystals nature carbon coating formation by the above-mentioned plasma 
gas phase polymerization process are as follows. 
[0023]- Gas mass flow monomer (1,3-butadiene) : 20 (seem) 
Carrier gas (argon gas): 20 (seem) 
Reactive gas (NF 3 ) :40 (seem) 

- reaction pressure: — 100-Pa and sample: — LiCo0 2 and sample electrode-holder temperature: — 

450 ** and applied power: — 100W [0024]Next, the positive active material in which the conductive 
layer which comprises graphite-crystals nature carbon coating was formed in the surface of the main 
part of positive active material like the above, Acetylene black as a conducting agent and graphite, 
and polyvinylidenefluoro RAIDO (PVdF) as a binder with a mass ratio. It was made to dissolve in the 
organic solvent which comprises N-methyl pyrrolidone at a rate of 95.5:1.5:3, and mixed, and the 
positive-active-material slurry or the positive-active-material paste was produced. Next, in the case 
of a positive-active-material slurry, the above-mentioned positive-active-material slurry or a 
positive-active-material paste is used for a die coder or a doctor blade, In the positive-active- 
material paste, both sides of the band-like anode anode axis which comprises aluminum were 
plastered using the roller coating method etc., and it formed the positive active material layer. 
Subsequently, the 0.1 7-mm-thick anode was produced by removing a positive-active-material slurry 
or the organic solvent which was required at the time of positive-active-material paste production, 
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and rolling the polar plate concerned with a roll press machine further by drying in a dryer the polar 
plate which applied this positive active material Under the present circumstances, the anode axis 
exposed part which does not form a positive active material layer was formed in both sides of the 
above-mentioned anode axis [ / near the above-mentioned anode collecting tab ]. 
[0025][Production of a negative electrode] Black lead as negative electrode active material and 
polyvinylidenefluoro RAIDO (PVdF) as a binder were dissolved in the organic solvent which comprises 
N-methyl pyrrolidone at a rate of 90:10 by the weight ratio, it mixed, and the negative-electrode- 
active-material slurry or the negative-electrode-active-material paste was produced. Next, in the 
case of the negative-electrode-active-material slurry, in the negative-electrode-active-material 
paste, both sides of the band-like negative-electrode axis which comprises copper were plastered 
with the above-mentioned negative-electrode-active-material slurry or the negative-electrode- 
active-material paste using the roller coating method etc. using a die coder or a doctor blade, and the 
negative electrode active material layer was formed. Subsequently, the 0.14-mm-thick negative 
electrode was produced by removing a negative-electrode-active-material slurry or the organic 
solvent which was required at the time of negative-electrode-active-material paste production, and 
rolling the polar plate concerned with a roll press machine further by drying in a dryer the polar plate 
which applied this negative electrode active material. Under the present circumstances, the negative- 
electrode axis exposed part which does not form a negative electrode active material layer was 
formed in both sides of the above-mentioned negative-electrode axis [ / near the above-mentioned 
negative-electrode collecting tab ]. 

[0026][Production of an electrode body] After attaching an anode collecting tab and a negative- 
electrode collecting tab to both the axes exposed part of the above-mentioned positive and negative 
poles, respectively, positive and negative poles are arranged via a separator. Under the present 
circumstances, the center line of two poles is coincided, and is made and arranged. Next, the tape 
stop of winding and also the outermost periphery part was carried out for positive/negative two poles 
and a separator flatly spirally using the winder, and the electrode body was produced. 
[0027][Production of a cell] pile up the neighborhood of an end in this laminate material, and pile up 
further, after preparing the sheet shaped laminate material which comprises five layer systems of a 
resin layer (polypropylene) / adhesives layer / aluminum alloy layer / adhesives layer / resin layer 
(polypropylene) — the part was welded and the sealed part 4c was formed. Next, the electrode body 
1 was inserted into the storage space 2 of this tubed laminate material. Under the present 
circumstances, the electrode body 1 has been arranged so that both the collecting tabs 7 and 8 may 
project from one opening of a tubed laminate material. Next, the laminate material of the opening 
which both the collecting tabs 7 and 8 have projected was welded and closed in this state, and the 
sealed part 4a was formed. Under the present circumstances, welding was performed using the high- 
frequency-induction welding device. 

[0028]Subsequently, in this state, vacuum stoving (temperature: 105 **) was performed for 2 hours, 
and the moisture of the laminate material and the electrode body 1 was removed. To then, the mixed 
solvent with which ethylene carbonate and diethyl carbonate were mixed at a rate of 3:7 with the 
mass ratio. After pouring in the electrolysis solution which dissolved 1 mol/l. LiPFg, the nonaqueous 

electrolyte secondary battery was produced in the above-mentioned sealed part 4a by welding the 
end of the laminate material of an opposite hand using an ultrasonic welding device, and forming the 
sealed part 4b. 

[0029]As a monomer, it may not limit to 1,3-butadiene and the chain or annular organic compound 
which has conjugate double bonds, such as 1,3,5-hexatrien, benzene, and biphenyl, may be used. As 
reactive gas, it cannot limit to NF 3 and the fluorinated compound containing carbon, silicon, or sulfur 

can also be used. 

[0030]As a dry process, it may not limit to plasma gas phase polymerization process, and the method, 
the vacuum deposition, and the sputtering process which disassemble an organic compound with 
laser etc. and form membranes may be used, for example. In addition, it is not what is limited to the 
above-mentioned cobalt acid lithium as a positive electrode material, These complexes, such as a 
lithium manganic acid ghost, a lithium nickel oxide, lithium iron oxide, or manganese oxide, are used 
suitably, and carbon black, corks, glassy carbon and carbon fiber, or these baking bodies besides the 
above-mentioned black lead are suitably used as a negative pole material. 

[0031]Solutions with comparatively high specific inductive capacity, such as not only the above- 
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mentioned thing as a solvent used but propylene carbonate, vinylene carbonate, gamma- 
butyrolactone, etc., The solvent which mixed hypoviscosity low-boiling point solvents, such as diethyl 
carbonate, methylethyl carbonate, a tetrahydrofuran, 1,2-dimethoxyethane, 1,3-dioxolane, a 2- 
methoxy tetrahydrofuran, and diethylether, by the moderate ratio can be used. However, it is 
desirable for oxidation potential to use the thing more than 4.8V (vs Li/Li + ) from a point of 
generation-of-gas control. It is also possible not to limit to the above-mentioned LiPFg and to use 

LiN(C 2 F 5 S0 2 ) 2 , LiN(CF 3 S0 2 ) 2 , LiCI0 4 , LiBF 4 , etc. as electrolyte salt 
[0032] 

[Example]The following experiments were conducted in order to show the predominance of this 
invention. The measuring method in each experiment is as follows. 

(1) X ray wide angle diffraction of the sample which carried out carbon coating processing was carried 
out, and d(QQ2) value LiCo0 2 was asked from the angle of diffraction of the peak of an X diffraction 

curve. 

[0033](2) SEM observation was carried out and it asked for the carbon coating deposited on the 
thickness glass substrate of carbon coating (conductive layer). 

(3) SEM observation of the carbon coating deposited on the deposition rate glass substrate of carbon 
coating (conductive layer) was carried out, and it asked for the thickness of carbon coating 
(conductive layer), and it was alike by **(ing) this in reaction time, and asked more. 

(4) SEM observation was carried out and it asked for the carbon film deposited on the compactness 
glass substrate of carbon coating (conductive layer). 

[0034](5) Deposit weight LiCo0 2 of carbon coating (conductive layer) was asked according to the 

weight differences before and behind the reaction in the sample which carried out carbon coating 
processing. 

(6) The sample which carried out carbon coating processing was measured with the powder 
conductivity meter to powder conductivity LiCo0 2 of carbon coating (conductive layer). 

(7) BET specific surface area measurement of the specific surface area positive active material of 
positive active material was carried out 

[0035][Preliminary experiment 1] 

(Example 1) the above — carbon coating was produced like the embodiment of the invention. 
(Examples 2-4) As a monomer, 1,3,5-hexatrien, benzene, and biphenyl were used, respectively, and 
also carbon coating was produced like the above-mentioned Example 1. 

(Comparative example 1) Acetylene black of a part for mass, and homogeneous quantity covered with 
Examples 1-4 What mixed [d^j) value =3.41] with UCo0 2 was used. 

[0036](The contents of an experiment and experimental result) Since the d( 002 j value of each carbon 

coating in the above-mentioned Examples 1-4 and the comparative example 1, compactness, powder 
conductivity, and the amount of carbonaceous (the comparative examples 1 are only powder 
conductivity and the amount of carbonaceous) were investigated, those results are shown in Table 1. 
The flow of the reactive gas (NF«) in Example 1 - Example 4 was set to 40sccm. 



[0037] 
[Table 1] 
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[0038]Even if it is a case where which monomer is used so that clearly from Table 1, in Examples 1- 
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4, a d (0Q2) value is low and it turns out that a ** Li ****** d (002) value can obtain graphite-crystals 
nature carbon coating of 3.45 A or less to X ray wide angle diffraction. 

[0039]In Examples 1-4, although the comparative example 1 and the amount of carbonaceous were 
tales doses (0.9 mass %) f powder conductivity is 2.6x1 0" 4 - 3.6x1 0~ 4 S/cm, and showed the value 
higher triple figures than the powder conductivity (3.9x1 0~ 7 S/cm) of the comparative example 1. 
Therefore, in the thing of Examples 1-4, it turns out that it has the outstanding electron conductivity. 
In particular, in Example 1 using 1,3-butadiene as a monomer, membranous compactness is very good 
and powder conductivity also showed 2.6x1 0~ 4 S/cm and a very high value. 

[0040][Preliminary experiment 2] Since various flows of NF 3 which is reactive gas were changed, 

carbon coating was produced, using 1,3-butadiene as a monomer and the d^ 002 ^ value of each carbon 

coating, powder conductivity, and a deposition rate were investigated, the result is shown in drawing 6 
and drawing 7. When measuring a d (0Q2) value and powder conductivity, the sample which made 

thickness of each carbon coating regularity (300 nm) was used. 

[0041 ]The flow of NF 3 followed on increasing, the d (Q02) value decreased, and powder conductivity 
increased so that clearly from drawing 6 and drawing 7, but as for a d( Q02 ^ value and powder 
conductivity, the change became small when the flow of NF 3 was set to 40 or more seem. Although 
the compactness of carbon coating became good when the flow of NF 3 increased, the deposition rate 
fell rapidly, and when the flow of NF 3 was set to 80sccm, it did not deposit at all. 
[0042][This experiment 1] 

(Example 5) the above — the cell was produced like the embodiment of the invention. The thickness 
of carbon coating is 300 nm. 

(Examples 6 and 7) The d (002) value was 3.41 or 3.45 A, respectively, and also the cell was produced 
like the above-mentioned Example 5. 

(Comparative example 2) The d (002) value was 3.47 A, and also the cell was produced like the above- 
mentioned Example 5. 

[0043](Comparative example 3) The anode was produced as follows and also the cell was produced 

like the above-mentioned Example 1. LiCoQ 2 (active material BET=0.6m 2 /g) as positive active 

material, and acetylene black as a conducting agent [d( 002 ) value =3.41 A] And graphite [d^ 002 ) value 

=3.35 A] Polyvinylidenefluoro RAIDO (PVdF) as a binder with a mass ratio. It was made to dissolve in 
the organic solvent which comprises N-methyl pyrrolidone at a rate of 92:5:3, mixed, and produced 
like the manufacturing method of the anode in said embodiment of the invention except having 
produced the positive-active-material slurry or the positive-active-material paste. 
[0044](The contents of an experiment, and experimental result) In the above-mentioned Examples 5- 
7 and the comparative examples 2 and 3, since 3C / 1C efficiency (load characteristic), and powder 
conductivity were investigated, the result is shown in Table 2 and drawing 8 . In Table 2, discharge 
average operating potential (it abbreviates to operating potential hereafter) when it discharges with 
the current of 3C, the positive active material BET, and carbon weight are also indicated collectively. 
[0045]Here, the examination of the load characteristic was done as follows. 

- Charge condition charge was made into constant current constant potential charge, and it charged 
to the cell voltage 4.2V by 500-mA constant current, and after 4.2V attainment was charged until the 
current value was set to 25 mA with the constant voltage. 

- By two sorts of 500 mA (1C) and 1500 mA (3C), discharging condition discharge current was 
discharged to the cell voltage 2.75V. 

- It computed by service capacity xat time of service capacity / 1C discharge at time of calculation 
3C discharge 100 (%). 

[0046] 
[Table 2] 
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[0047]It is admitted that the d(Q02) va ' ue °^ P os ^ ve active material which carried out carbon 
coating processing takes for becoming small, and powder conductivity becomes good, and 3C / 1C 
efficiency is also improving so that clearly from Table 2 and drawin g 8. Although a ^^qq2) value is large 

and there are moreover few amounts of carbonaceous compared with the comparative example 3 
when a d^ QQ2 ^ value is 3.45 A or less (when it is Examples 1-3), powder conductivity becomes good, 

and 3C / 1C efficiency also improves, and things are accepted. Only what only mixes a conducting 
agent mechanically like before by this shows that it is [ the arrangement state of conductive 
material ] better to form a conductive layer by plasma gas phase polymerization process like this 
invention. Since Examples 5-7 have few amounts of carbonaceous compared with the comparative 
example 3, it also turns out that operating potential is high. 

[0048]Since electron conductivity becomes good as a d( 002 ) value becomes small, it is admitted that 

operating potential is rising and it is further admitted by arranging carbon coating in the crevice of 
LiCo0 2 that the positive active material BET is also small. It turns out that it is preferred to regulate 

so that a conductive layer may be formed by plasma gas phase polymerization process and a d^ 002 j 

value may be 3.45 A or less from the above thing. 
[0049][This experiment 2] 

(Examples 8-1 2) and also the thickness (it abbreviates to tunic thickness hereafter) of carbon 
coating shall be 90, 150, 300, and 600 or 1000 A, respectively — the above — the cell was produced 
like the embodiment of the invention. The d( 002 ) value of carbon coating is 3.39 A. 

(Comparative examples 4 and 5) The amount of carbonaceous was made into 3.5 mass % and 4.5 
mass %, respectively, and also the cell was produced like the above-mentioned comparative example 
3. 

(Comparative example 6) The cell was produced like the above-mentioned comparative example 3. 
(The contents of an experiment, and experimental result) In the above-mentioned Examples 8-12 and 
the comparative examples 4-6, since 3C / 1C efficiency (load characteristic), and the capacity 
survival rate (cycle characteristic) after 300 cycles were investigated, the result is shown in Table 3 
and drawing 9 . In Table 3, the positive active material BET, a positive-active-material capacity factor, 
and carbon weight are also indicated collectively. 

[0050]Here, the examination of the cycle characteristic was done as follows. 

- Charge condition charge was made into constant current constant potential charge, and it charged 
to the cell voltage 4.2V by 500-mA constant current, and after 4.2V attainment was charged until the 
current value was set to 25 mA with the constant voltage. 

- Discharging condition discharge current was 500 mA (1C), and it discharged to the cell voltage 
2.75V. 

- The calculation above-mentioned charge and discharge were computed by capacity x100 (%) after 
the capacity / 1 cycle of a 300 cycle repetition and a 300 cycle eye. 

[0051] 
[Table 3] 
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[0052]So that clearly from Table 3 in Examples 8-12. Since tunic thickness's taking for increasing and 
the positive active material's BET decreasing in number and Examples 8-12 say that the capacity 
factor of positive active material is high rather than the comparative examples 4-6, in Examples 8-1 2 f 
it is guessed that they are those in which uniform carbon coating is formed. 

[0053]Since tunic thickness follows on becoming small and ion conductivity improves so that clearly 
from Table 3 and drawing 9. it is admitted that 3C / 1C efficiency is improving. When tunic thickness 
is 600 nm or less, 3C / 1C efficiency is not less than 88%, but when tunic thickness is 1000 nm, 
specifically, 3C / 1C efficiency is falling to 74%. On the other hand, Example 10 of the capacity 
survival rate after 300 cycles whose tunic thickness is 300 nm is a peak price. 
Falling, even if thicker than it and thin is admitted. 

From the above thing, in order to raise both a cycle characteristic and a load characteristic, tunic 
thickness is understood that it is desirable that it is [ not less than 150 nm ] less than 1000 nm. 
[0054][This experiment 3] 

(Examples 13-16) and also tunic thickness shall be 90, 150, and 300 or 600 A, respectively — the 
above — the cell was produced like the embodiment of the invention. The d^ 002 ^ value of carbon 

coating is 3.39 A. 

(Comparative examples 7 and 8) The amount of carbonaceous was made into 3.5 mass % and 4.5 
mass %, respectively, and also the cell was produced like the above-mentioned comparative example 
3. 

(Comparative example 9) The cell was produced like the above-mentioned comparative example 3. 
(The contents of an experiment, and experimental result) Since the conservation characteristic (gas 
volume and remaining capacity) and the thermal characteristic in Examples 13-16 and the 
comparative examples 7-9 were investigated, the result is shown in Table 4. In Table 4, the positive 
active material BET and carbon weight are also indicated collectively. 

[0055]Here, the examination of the conservation characteristic saved each cell for four days in an 80 
** thermostat by the charging state, and measured the gas yield and remaining capacity (cell 
capacity) after preservation. The charge condition of each cell and the discharging condition at the 
time of remaining capacity measurement are as follows. 

- Charge condition charge was made into constant current constant potential charge, and it charged 
to the cell voltage 4.2V by 500-mA constant current, and after 4.2V attainment was charged until the 
current value was set to 25 mA with the constant voltage. 

- Discharging condition discharge current was 500 mA (1C), and it discharged to the cell voltage 
2.75V. 

[0056]After the examination of the thermal characteristic having charged each cell (the number of 
samples is three pieces each) on the charge condition of the above-mentioned conservation 
characteristic, and the same conditions, having attached the thermo couple to the battery surface 
and carrying out temperature up to 160 ** with the heating rate of 5 ** / min, it held this state and 
checked the existence of abnormalities by viewing. 
[0057] 
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[0058]It is admitted that Examples 13-16 are excellent in a conservation characteristic and the 
thermal characteristic compared with the comparative examples 7-9 so that clearly from Table 4. In 
Examples 13-16, since a uniform conductive layer is formed in the surface of the main part of 
positive active material of plasma gas phase polymerization process, a labile point decreases, and this 
is considered to be because for the oxidation reaction in the interface of an anode board and an 
electrolysis solution to have been inhibited. 

[0059]Although the gas yield at the time of preservation increases a little in Example 13 with as small 
tunic thickness as 90 nm, tunic thickness of the gas yield at the time of preservation has decreased 
extremely in not less than 150-nm Examples 14-16. As for this point to tunic thickness, it is desirable 
that it is not less than 1 50 nm. 
[0060] 

[Effect of the Invention]As explained above, in this invention, the electronic conductive state of a 
metallic oxide and a carbon material is made good. 

Therefore, the side reaction accompanying oxidation of an electrolysis solution is inhibited by being 
able to aim at improvement in the capacity factor of positive active material, and improvement in a 
load characteristic and a cycle characteristic, and fully covering a labile point, The conservation 
characteristic of a cell and thermal stability can be improved, moreover, the addition of a carbon 
material is controlled and the outstanding effect that the anode capacity per volume can fall or it can 
prevent that the operating potential of a cell falls is done so. 
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